54

KOPPO3UA
DOI: 10.24412/2076-6785-2021-4-54-56

UccnegoBaHue 3alUTHOrO AeACTBUA UHTMOUTOPOB
YINeKUCNOTHON KOPPO3UU B AUHAMUYECKUX YCOBUAX

Llapbkos A.10. ', PoaHosa B.10. !, Heyaesa O.A. 2
1000 «Monn3dko-Hayka», MockBa, Poccus, 2OT60Y BO «CamlTY», Camapa, Poccus
nechaevaoa@gmail.com

YK 620.197.3 | Hay4yHas cTaTba

AHHOTauuA

B cratbe paccmaTpuBaeTca BiUAHUE Pa3INYHBbIX (‘baKTOpOB Ha CKOpPOCTb yI'HEKMCHOTHOﬁ Koppo3uu Hechera3onp0Mb|cnosoro
oﬁopyp,osauuﬂ, npuBejeHbl XapaKTepUCTUKU NpUMeHAeMbIX B KOMMNAaHUAX MHI’M6MTOPOB. I'paBumeTpuqecxuM meToaoMmM
uccneaoBaHa CKOpPoOCTb KOppo3uu Ctain B moaenu nnacroBom BOAbI, HaCbILI.I,EHHOﬁ YrNeKUCibiM rasom npu CKOpocCtax notoKka
0,51 2 m/c. lpeacTaBneHbl pe3ynbTaTbl OLEHKMN 3aLUTHOTO el CTBUS BOJAOPACTBOPMMOro a30TCOAEPIKALLEro peareHTa, NoKkasaHo
nonoXXutesbHoe BJIuAHUe AOﬁaBOK a3oT- unu cbocd)opcon,epmamero NOBEepPXHOCTHO-aKTUBHOIO BellecTBa.

Matepuanbi n metozbl

MaTepuanbl: npombllneHHble 06pa3Libl a30TCOAEPKALLUX UHTUMOUTOPOB
YrNeKNCNOTHON KOPPO3UK, NMpeiHa3HauYeHHbIe ANA 3aLUTbl
obopyaoBaHusA cucTem HedTerazogobblun, BOAOPaCTBOPKUMbIE a30T-,
thocchopcosepxkall e NOBEPXHOCTHO-aKTVBHbIE BeLecTBa.

MeTogbl: U3mepeHne CKOpPOCTU KOPPO3KM MOAENN NNAcTOBO BOAbI,
HaCbILWEHHON YrNeKNCNbIM ra3oMm, B NIHAMUYECKUX YCNIOBUAX NO

nortepe macchbl 06pa3LI,OB ctanu 20, CpaBHVITEfIbeIVI aHanu3 3alnTHoro
AEeCTBUA KOMMO3ULMOHHbIX peareHToB.

KniouyeBble cnosa

MHIMOMTOPbI KOPPO3MHK, MOBEPXHOCTHO-aKTUBHbIE BELLEeCTBa,
YrNeKncnoTHas Koppo3uns, rpaBUMETPUYECKUIA METOJ, OLLEHKUN CKOPOCTH
Koppo3umn
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Abstract

The paper presents the influence of various factors on the rate of carbon dioxide corrosion of oil and gas field equipment, the characteristics
of the inhibitors used in the companies are given. The corrosion rate of steel in a brine saturated with carbon dioxide at flow rates of 0.5 m/s and
2 m/s was investigated by the gravimetric method. The results of evaluating the protective effect of a water-soluble nitrogen-containing reagent

are presented; the positive effect of the addition of a nitrogen- or phosphorus-containing surfactant is shown.

Materials and methods

Materials: industrial samples of nitrogen-containing corrosion inhibitors

steel-20 samples, comparative analysis of the protective effect

of reagents.

designed to protect equipment in oil and gas production systems,

water-soluble nitrogen- and phosphorus-containing surfactants.
Methods: measurement of the corrosion rate of a brine saturated with
carbon dioxide under dynamic conditions based on the weight loss of
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BBeaeHune

Koppo3noHHoe paspylueHre MeTaninyecko-
ro 060pyA0BaHUA ABAAETCA OAHOM U3 OCHOBHbIX
npo6nem B Hedrerasopobbiye. Momumo no-
Tepb meTanna (6o B Lenom, NM6O NOKaNbHO),
NOCNEACTBUAMU XUMUYECKON U 3NEKTPOXUMM-
YeCKO KOpPO3MM TaKke 4YacTo GbliBaKOT OXpyn-
ymBaHue U pactpeckusaHue. O6opyaosaHue
B Npolecce 3KCnayaTaluum KOHTaKTUpyeT ¢ pas-
HOOGpPa3HbLIMU KOPPO3MOHHO-AKTUBHLIMK Cpe-
[aMU KaK TOMOTrEHHbIMM, TaK U reTeporeHHbIMM.
Haubonee arpeccuBHbl Mo OTHOWEHMIO K MeTan-
Ny BOAHblE PacTBOPbl. ArpeccMBHOCTb BOAHOM

(hasbl 3aBUCUT OT e XMMUYECKOro cocTaBa (co-
[lepXaHue pacTBOPEHHbIX conen, pH, Hanuune
KUCNOPOAA, YTNEeKMUCNOro rasa u CepoBoj0pPoAa),
napuvanbHoOro AaBNeHWUs ra3oB, TEMMEPATypbl,
CKOPOCTM 1 XapaKTepa noToka [1].

OfHMM 13 OCHOBHbIX (haKTOPOB paspyLie-
HUA MeTanna Ha3eMHOro U BHYTPUCKBAXWUHHOIO
obopypoBaHua aBnsetcs cBoboaHas yrnekuc-
nota (CO,), conepxallanca B NNacToBbIX BOAAX.
OTmeueHo, YTo Npu oAMHakoBom pH Koppo3us
B YINMEKUCNOTHON cpefe npoTeKaeT bonee WH-
TEHCMBHO, YeM B PacTBOpPax CUbHbIX KUCNOT
[2]. No3tomy B TakoW cucteme HeoGXOAUMBI

MeponpuUATAA MO NPeAoTBPaLLEHNI0 KOPPO3UU.
Haunbonee pacnpoctpaHeHO NPUMEHEHNE UHTH-
GUTOPHOM 3aLLUTI.

MoucK BOZOPACTBOPUMBIX WHTUGUTOPOB,
obnasawowwux 6onee HWU3KOKA CNOCOGHOCTbIO
K OMOaKKyMynaLMUM N0 CPABHEHUIO C Maciopa-
CTBOPUMbIMM, NPU 3TOM 3HHEKTUBHO CHUXKAIO-
WMX CKOPOCTb YrNEKMUCIOTHON KOPPO3UU Mpw
BbICOKUX CKOPOCTAX NOTOKa, ABAAETCA BaXHOI
NnpaKTUYecKon 3ajavyei, 4To npeponpege-
NAeT aKTyanbHOCTb WCCNeLOBAaHUN B LAaHHOM
HanpasneHuu.

Lenbto mccnefoBaHuil sBasnacb oleHKa
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3aLMUTHBIX CBOWCTB BOAOPACTBOPUMbIX UHIUGH-
TOPOB YINEKNCNOTHOW KOPPO3UK, COCTOALLUX
13 HEMOHOTEeHHOT0 a30TCOZEPKaLLEero NoBepx-
HOCTHO-aKkTuBHoro Bewectsa (MAB), aHMOHHOTO
doccdopcogepwalyero MNAB 1 KaTMOHHOTO a30T-
copepxatliero MAB, rpaBUMETpUYECKUM MeTo-
AOM B IMHAMUYECKNX YCIOBUAX NPU CKOPOCTAX
notoka 0,51 2 m/c.

061beKTbl U METOAbI

B paborte ans cpaBHUTENbHON OLEHKU 3a-
WWUTHOW CNOCOBHOCTM MHTMBUTOPOB MCMONb-
30Banacb moaens nnacrosont soabl (MIMB),
coaepxauwas 1,88 r/n CaCl,, 2,5 r/n MgCL,
2,5r1/n NaHCO,, 46,6 r/n NaCl, 1,46 r/n KCl.
Mogenb rotoBunach U3 aByx Yacrei (@HUOHHOM
1 KaTUOHHO) Ha ANCTUANNPOBAHHO BOAE C UC-
nonb3oBaHMeM cofen KBanuduKaunm He HUxe
y.p.a. Boga nepep ucnbiTaHvem peaspuposa-
nacb a3otom B TeyeHue 30 MUH, 3aTEM HaCbl-
anacb yrneKkucibiM ra3om B TedyeHune 30 MUH.
MnacTuHbl, U3roToOBNAEHHbIE U3 cTanu 20, Wau-
toBanucb Ao wepoxosatoct Ra He Gonee
1,6 MKM 1 06€3}X1PUBANNUCH ALETOHOM.

OnpeaeneHne 3auWMUTHOW CnocoGHOCTM
HenoHoreHHoro asotcogepxauiero MAB npeg-
BapuTeNbHO OCYLLECTBAANOCL My3bIPbKOBbIM
METOAOM, NpPW HeBOoNbLWON CKOPOCTU CABUra
(0,5 m/c). Ans 3TOr0 B NNOCKOAOHHYIO KONBy
BMeCTMMOCTbto 500 cm? nomelwanucb nogro-
TOBJIEHHble 3ay4ulieHHble 06paslibl NNacTUHOK,
Konba 3anonHANach UCMbLITYEMON Cpeaoil, 3a-
TEM C03JaBanocb nepemelliBaHne MarHUTHOMN
MellanKom.

3alnTHas cnocobHOCTb NPU BbICOKOW CKO-
pOCTM NOTOKA OL,eHMBanachb Ha CTeHA0BOM yCTa-
HoBke «MoHukop CreHa-1» (puc. 1), no3sonsio-
en 3aaTb LMPKYNALMIO NOTOKA CO CKOPOCTbIO
ot 0,5 A0 4,7 m/c. ns ucnbitanus Gbina Bbibpa-
Ha ckopocTb 2 M/c. O6bEM UCMbITYyeMON cpebl
12 am3,

CKOpOCTb KOpPpO3MM oOleHMBanacb rpa-
BMMETPMUYECKMM METOLOM W paccyutbiBanach
no notepe macchl 06pasLoB meTanna npu no-
cTosHHom 6apboTaxe CO, (1-2 nysbipbKa B ce-
KyHay). Temnepatypa McnbiTaHWA cocTasasna
30 °C, NpoOAOMKUTENBHOCTL 6 YacoB. B Kaxaom
pexume NPOBOAMNOCH ABA NapanienbHbIX uc-
NbITAHWA HA TPeX NNacTUHKax meTanna.

PesynbTatbl U 06CyKAEHNE
MpeaBaputeNnbHo ObIN0 NPOTECTUPOBAHO

Ha COBMECTMMOCTb C MUHepann3oBaHHOW BO-

non 6onee 50 KOMNO3ULUIA, UMEIOLLNX B OCHOBE

NPOMbILLNEHHO BbIMyCKaeMble a30TCOAEepa-

wue MAB n ux cmecn (@muabl, amuaoamuHsl,

CONMN NIMHENHbIX U Pa3BEeTBAEHHbIX YeTBEPTHY-

HbIX aMWHOB, NPOM3BOAHbIE UMWUA30NMHOB,

ANKUNNUPUANHBI, XUPHbIE KUCNOTbI TaNno0BOro

macna, aMMHOOKCUAbI), U3 KOTOPbIX ANs Aanb-

HeNWUX nccnefoBaHmnii 6oi1n BbibpaHbl BOAO-

pacTBopuMble peareHTbl, Haubonee 3ddex-

TUBHO CHUXAIOLKMe CKOPOCTb KOppo3uu. beino

BbIIBNEHO, YTO JO3MPOBKA, MPU KOTOPOW JOCTU-

raeTcs MakcMmasnbHoOe 3alnTHoe AeincTBre Npu

CoflepaHUN aKTUBHOW OCHOBbI He MeHee 30 %,

cocTasuna 25 mr/n.

[ns nanbHenwmnx uccneaoBaHnin 6biim oto-
GpaHbl BelecTsa, umelowme Haubonee npu-
emNnemble 3KONOrMYecKne XapaKTepUCTUKMU.
Mcnonb3oBanuce:

e HeunoHoreHHoe MAB (HIMAB), a3oTcoaepia-
ee, MOANMPULMPOBAHHOE C Lieblo NOBbI-
WeHnA pacTBOPUMOCTU B BOAE, C KOHLEH-
Tpauwuen akTMBHOrO BelecTBa 98 %;

e gartnoHHoe MAB (KMAB), asoTcoaepialiee,
C KOHUEeHTpauuen aKTMBHOIO BellecTBa
80 %, ocTanbHoe — pacTBOpuUTEND;

® aHWOHHOE MAB (ANAB),

Tabs. 1. CkKopocms koppo3uu cmanu 8 Modenu naacmosoli 800bl, U3MepeHHAs Ny3blpbKoBbIM
memodom npu Huskol ckopocmu nomoka (0,5 m/c)
Tab. 1. Corrosion rate of steel in brine measured by bubble test at low flow rate (0.5 m/s)

Vcnbityemas XuaKocTb CKopocTb KOppo3uu, r/m?-.4  3awuTHblin 3 dekT, %
MMNB 0,120 -
MMB + VK1 (40 % HNAB, 60 % cnupt) 0,002 98,33

Tabn. 2. Ckopocms Koppo3uu cmanau 8 ModenbHol naacmosol Bo0e npu ucnbImaHuu
Ha cmeHA0BOU ycmMaHoBKe CO CKOPOCMbIO NOMOKA Hudkocmu 2 m/c
Tab. 2. Corrosion rate of steel in brine measured by dynamic test at flow rate of 2 m/s

NcnbiTyemasn Muakoctb CKopocCTb Koppo3un,  [nybuHa Kopposuu,
r/m2-y MM/rog

MnB 0,59 0,71
MMB + XNK 002E 0,10 0,12
MMB + UnpopaeH K1, mapka A4 0,12 0,15
MMB + NK1

(40 % HNAB, 60 % cnupT) 0,30 0,37
MMB + NK2

(30 % HNAB, 10 % KNAB, 60 % cnupr) 0,11 0,13
MMB + NK3

(20 % HIMAB, 20 % KMNAB, 60 % cnupT) 0,22 0,27
MMB + NK4

(10 % HMAB, 30 % KMAB, 60 % cnupr) 0,23 0,28
MMB + NK5

(30 % HMNAB, 10 % AMAB, 60 % cnup) 0,13 0,16
MMB + NK6

(20 % HIMAB, 20 % AMNAB, 60 % cnupT) 0,25 0,30
MMNB + NK7

(10 % HNAB, 30 % AMAB, 60 % cnupr) 0,31 0,38

MoHK1kop-2 : “' _ 4
. C__Jée e

Puc. 1. upKkynayuoHHas ycmaHoska 014 nposedeHus cmeHOA08bIX UCnbimaHull uHeubumopos
koppo3uu «MoHukop CmeHO-1»

1— paboyue 3nekmpoxumuyeckue a4eliku ¢ 3n1ekmpodamu; 2 — yeHmpobexcHbili Hacoc

8 KOPPO3UOHHO-CMOUKOM UCNOSIHEHUU; 3 — ByhepHas eMKocms C HUXCHUM my6Yycom;

4 — uHdukamop ckopocmu koppo3uu MoHukop-2; 5 — KOHmMakmsl 31ekmpodos; 6 — kabesb
noodknyeHus npubopa k 3nekmpodam; 7 — y3en 8800a uHaubUmMopa koppo3uus;

8 — npucoeduHumensHble wmyyepa

Fig. 1. Circulation test bench “Monicor Stand-1” for determination effect of corrosion inhibitors
1 - electrochemical cells with electrodes; 2 — corrosion-resistant centrifugal pump; 3 — buffer
container with a lower tube; 4 — corrosion rate indicator Monicor-2; 5 — contacts of electrodes;
6 — cable for connecting the device to the electrodes; 7 — corrosion inhibitor injection unit;

8 — connecting nipples
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cdocdopcogepkallee, ¢ KOHLeHTpauuen

aKTMBHOrO BewectBa 95 %.

KoHLeHTpaLma aKTMBHOW OCHOBbI BO BCeX
Komno3uuusax coctaBnsana 40% mac. B kauectee
pacTBopuTens NPUMEHANCA HU3KOMONEKyNap-
HblI cnnpT. l031poBKa MHrMbuTopa 25 mr/a.

Ha nepBom 3Tane nposepsAnacb 3awutHas
€nocobHOCTb MHIMBMTOPA HA OCHOBE a30TCo-
nepxauiero HMNAB npv HU3KOM CKOPOCTU NOTO-
Ka (ny3bipbKOBbIM MeToA0M). PesynbTathl (Tabi.
1) nokasanu, 4To CKOPOCTb KOPPO3UWU MOAeNu
nnacToBoit Boabl 6€3 MHrMbuTopa A0CTaTO4YHO
Hu3Kasa — 0,12 r/m? 4, pobaBneHune MHFVI6VITOpa
(25 mr/n) NnpuBOANT K CHMMKeEHUIO A0 0,02 r/m? u.

Mpu BbiCOKOW cKopocTu noTtoka (2 m/c)
KOPPO3MOHHAA aKTMBHOCTb CpeAbl 3HAYUTeNb-
HO BO3pacrtaer, pobasneHne WHrMOUTOPOB
(25 mr/n) oKkasbiBaeT pasnMyHoe BO3fENCTBUE
(tabn. 2, puc. 2).

Utoru

Kak nokasanu pe3ynbTaThl, 3alWNUTHOE AelicTBUE
HMAB nosbiwaetca npu gobasnexun KMAB B
cooTHoweHun HIMAB : KMAB = 3 : 1. HITAB Ha oc-
HOBe MOAM(ULMPOBAHHOrO a3oTcojepxaliero
coeavHeHUs Xxapaktepusyercs 6onee HWU3KOM
CTENeHblo BMOHAKOMNEHNUA U TOKCUYHOCTU MO
CpaBHEHWUIO C MacNopacTBOPUMbIMU COefunHe-
HWAMU, 4TO MpeAnoyTUTeNbHee ANA NPUMeHe-
HusA. B covetanun ¢ KIMAB npu cooTHoweHnm 3
: 1 gocTuraerca, no-sMaumomy, popmrpoBaHme
Haubonee ycToilunMBON K ABUMKEHUIO Cpefbl 3a-
WWUTHOW nneHKuW. [laHHas cmecb comocTaBuma
no 3alMUTHOMY [eNCTBUI0 C TOBApHbIMU WMHIU-
6utopamu NnpogeH K1-A4 n XMK 002E, wnpoko
NPUMEHAEMbIMWN Ha MECTOPOXAEHUAX.

ENGLISH

Bbino BbIABNEHO MNOBbIWEHME 3aLWMWTHOW CMo-
co6Hoctn HMAB B couyetanun ¢ docdopcoaep-
wawwmm AMAB. [encteue docdhopcosepralinx
peareHToB CneuuanucTbl CBA3bIBalOT ¢ 06paso-
BaHMEM ManopacTBopumsbix coneir Fe? un Ca%,
KOTOpble MOTYT OCaXAaTbCA Ha CTeHKax Tpyo
[3, 4]. Takke yBenunueHue 3awmtHoro 3ddek-
Ta Npu WCNONb30BaHWUN [AaHHOW CMecn MOXeT
06bACHATLCA 06pa3oBaHMeM NMNEHKM U HA aHO-
AHBIX M Ha KaTOAHbIX y4yacTKax MOBEPXHOCTU
0JHOBPEMEHHO.

BbiBOADI

Ha ocHoBaHMM npoBeaeHHbIX NabopaTopHbIX
MCNbITAHUA KOPPO3MOHHON aKTUBHOCTU MOAe-
NV NNacToBOW BOAbI C MUHepanusauuein 55 r/n
¢ noctosiHHbIM 6ap6oTaxem CO, nokasaHo, 4To
asoTtcosepxaliee mogubumunposaHHoe HIAB
NPOABNAET 3aUTHYIO CNOCOBHOCTL K MeTaniy
98,3 % B Ny3bIpbKOBOM TecTe (CKOPOCTb NOTOKA
0,5 mM/C) 1 48,8 % NpW UCMbITAHUN HA CTEHAO-
BOM ycTaHoBKe (CKOPOCTb MOTOKa 2 M/c) npu
[03UpOBKe MHrMbUTOpa 25 mr/n. YBenunueHue
3alUTHbIX cBoicTB HMAB Bbiwe 75 % Habnoaa-
etcs npu gobasneHun asotcogepauiero KMAB
n docdopcosepxkawiero AMAB. OnTumanbHoe
cooTHoweHune HMAB v KNMAB/AMNAB = 3: 1. Mony-
YeHHble pe3ynbTaTbl MOryT GbiTb MCMO/b30BaHbI
npu noabope BOJOPACTBOPUMBIX WMHIMOUpYIO-
LMX KOMMO3ULMIA, OTANYAOLNXCA NOHUKEHHbI-
MU BMOHAKOMNEHNEM U TOKCUYHOCTBIO.
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Results

The protective effect of nonionic surfactant increases with the
addition of a cationic surfactant in the ratio of nonionic surfactants
: cationic surfactants = 3 : 1. Nonionic surfactant based on a modified
nitrogen-containing compound are characterized by a lower degree
of bioaccumulation and toxicity compared to oil-soluble compounds,
which is preferable for use. In combination with cationic surfactant at
a ratio of 3 : 1, the formation of a protective film that is most resistant
to the movement of the medium is apparently achieved. This mixture is
comparable in its protective effect with the commercial inhibitors Iproden
K1-A4 and HPK 002E, which are widely used in the fields.

The increase of protective capacity of nonionic surfactant in combination
with phosphorus-containing anionic surfactant has been revealed. The
specialists connect the action of phosphorus-containing reagents with
the formation of low-soluble salts of Fe? and Ca?, which can precipitate
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on pipe walls. Also the increase in the protective effect when using this
mixture can be explained by the formation of a film on both the anodic
and cathodic parts of the surface simultaneously.

Conclusions

It was shown that nitrogen-containing modified nonionic surfactant
exhibits 98,3 % protective ability to metal in the bubble test (flow rate
0.5 m/s) and 48,8 % in the flow loop test (flow rate 2 m/s) at inhibitor
dosage 25 mg/lin brine with salinity of 55 g/.

Increase of protective properties of nonionic surfactant above 75 % is
observed at addition of nitrogen-containing cationic surfactant and
phosphorus-containing anionic surfactant. Optimal ratio of nonionic
surfactant and cationic surfactant/anionic surfactant = 3 : 1. The results
obtained can be used in the selection of water-soluble inhibiting
compositions characterized by reduced bioaccumulation and toxicity.

Product Number: 51300-99037-SG. (In Eng).
William M. McGregor. Novel synergistic
water soluble corrosion inhibitors. 2004,
26-27 May, International symposium

on oilfield corrosion, Aberdeen, United
Kingdom, SPE-87570-MS. (In Eng).

WHO®OPMALNA Ob ABTOPAX | INFORMATION ABOUT THE AUTHORS

LlapbkoB Anekcanap KOpbeBuy, K.T.H., reHepanbHbI JUPEKTOP
000 «Monn3dko-Hayka», MockBa, Poccus

PoaHoBa BaneHTuHa lOpbeBHa, K.T.H., 3aMeCTUTE/b TeHepanbHOro
aupekTopa no Hay4How yactn 000 «Monndko-Haykay,
MockBa, Poccus

HeyaeBa Onbra AneKcaHApPOBHA, K.T.H., AVPEKTOP NHCTUTYTa HedTe-
rasoBbix TeXHoNornii CamapcKoro rocyapcTBeHHOr0 TEXHUYECKOTO
yHuBepcuteta, Camapa, Poccus

[na koHTakTOB: nechaevaoa@gmail.com

Tsarkov Aleksandr Yurevich, phd, chief executive officer
“PoliEko-Nauka” LLC, Moscow, Russia

Rodnova Valentina Yurevna, phd, deputy director for science
“PoliEko-Nauka”, Moscow, Russia

Nechaeva Olga Aleksandrovna, phd, director of the institute of oil
and gas technologies Samara state technical university,

Samara, Russia

Corresponding author: Nechaevaoa@gmail.com

SKCNO3NUNA HEDGTb TA3 CEHTABPH 4 (83) 2021



